Levels of serum cortisol, plasma free fatty acids (FFA), and uiinary catecholamines were collected in 31 patients with acute myocardial infarction on the day of admission to the coronary care unit (samples obtained from 15 patients with diseases other than myocardial infarction were considered as controls). These values were correlated with the presence or subsequent development of left ventricular failure, arrhythmias, shock, or death. Sixteen of 17 infarction patients without the above complications had cortisol levels less than 20 gg%; 10 of 12 patients with complications had higher cortisol levels.
Levels of plasma FFA, serum cortisol, and urinary catechols were collected in 15 patients admitted to the hospital for diseases other than myocardial infarction. The age, sex, and diagnosis of these patients is shown in table I. The blood and urine samples were collected within 1 hour of 12 noon in all patients.* None of these patients was hospitalized in the coronary care unit or was acutely ill when the samples were collected. History and physical examination were carried out to ensure that none of them had angina pectoris, coronary insufficiency, or myocardial infarction in the past 30 days. No patient had received heparin, catecholamines, steroids, antihypertensive drugs, or clofibrate.
Infarction Patients
Thirty-one patients admitted to the coronary care unit with a diagnosis of acute myocardial infarction were included in this study. Blood and urine samples were collected at 12 noon within 1 day following admission. Serum creatinine phosphate (CPK), glutamic oxaloacetic transaminase *Catecholamine and FFA quantitation was done by Bio-Science Laboratories, Van Nuys, California by procedure of Sobel and Henry26 and the method of Trout, Estes, and Friedberg,27 respectively. The serum cortisol estimation was done by Medical System Laboratories, Torrance, California, using a modified method of Murphy.28
Circulation, Volume XLV, April 1972 (SGOT), and lactic dehydrogenase (LDH) were drawn on admission. A definite diagnosis of myocardial infarction was made in the presence of at least two of the three following criteria: (1) a history of oppressive chest pain lasting longer than 10 min; (2) an electrocardiogram demonstrating new Q waves of 0.04-sec duration and/or evolutionary changes developing in the S-T segments and T waves; and (3) transient elevations in serum levels of SGOT, LDH, and CPK. According to the above criteria, all 31 patients had a myocardial infarction. A complete history and physical examination were performed at the time of admission and the presence or absence of left ventricular failure, arrhythmias, or shock was determined.
Left ventricular failure was defined by the following: (1) one major criterion (see below) plus any other criterion; or (2) three minor criteria.
The major criteria included: (1) rales; (2) chest X-ray consistent with failure; and (3) pulmonary capillary wedge, pulmonary artery diastolic, or left ventricular mean diastolic pressures greater than 14 mm Hg (when available).
The minor criteria included: (1) third heart sound; (2) cardiac index less than 2.2 liters/min/M2 or an arteriovenous oxygen difference greater than 5.5 vol %, or central venous oxygen saturation less than 65%; (3) central venous pressure greater than 10 mm Hg if left heart filling pressures were unavailable; and (4) an arterial P02 less than 55 mm Hg. An arrhythmia was considered present if sustained Shock was defined by the following criteria:
(1) systolic arterial pressure below 90 mm Hg or 30 mm Hg below prior basal level for 30 min or longer; and (2) evidence of reduced organ perfusion by lactic acidemia or two of the following: (a) mental confusion or obtundation, (b) cyanosis of the extremities, and (c) urine output less than 20 cc/hr. Eighteen patients with uncomplicated myocardial infarction were classified together as group I (table 2). Thirteen patients with complications of left ventricular failure, arrhythmias, shock, or death were classified together as group II (table  3) . The mean age in the uncomplicated patients was 66 years (± 11) and in the complicated patients 69 years (± +13). All patients were monitored continuously for arrhythmias during their stay in the coronary care unit, and rhythm strips were obtained as indicated. Grouping was finalized after discharge or death of the patient.
Results

Control Patients
Serum cortisol measurements in 13 controls were within the normal range (<20 pg%) (table 1) . FFA estimations in all 15 control patients were below the upper limit of the normal range (<900 ,uEq/liter). Urinary catecholamines in 12 controls were also within the normal range (<18 gg%).
Patients with Myocardial Infarction
Serum Cortisol Levels
Sixteen group I (uncomplicated) patients had cortisol levels which were below 20 ,ug%, while one group I patient had a cortisol level of 26.5 ,ug% but no complications (table 2; fig.  1 ). One of the group II (complicated) patients had a serum cortisol level less than 20 ,ug%, while in the rest it ranged from 20 to 58 ,g% (table 3) .
Plasma Unesterified Free Fatty Acids
All of the 18 patients in group I had FFA values less than 1100 ,Eq/liter (range 180-1000 ,uEq/liter, with an average of 497 ,Eq/liter) (table 2; fig. 1 ). Three group II patients also had FFA less than 1100 ,Eq/liter despite the presence of complications on the day of admission. The other six patients in group II who had measurements of Circulation, Volume XLV, April 1972 FFA all had levels greater than 1100 gEq/liter (table 3) .
Urinary Catecholamines (Catechols)
Fourteen group I patients had urinary catecholamines less than 12.5 ,g% while two patients had concentrations greater than that (table 2; fig. 1 ). Three of 10 group II patients had urinary catechols less than 12.5 /Lg%, while the rest were elevated (table 3) .
Hospital Course
The relationship between the cortisol and FFA levels drawn on admission and the subsequent course of the patients are of some interest. As shown in figures 2 and 3, the status of each patient on days 1, 2, and 8 is indicated in the appropriate column, as uncomplicated, complicated, or dead. Complications included left ventricular failure, arrhythmia, or shock.
By definition, all group I patients had an uncomplicated course. Of interest were four patients in group II who had cortisol levels greater than 20 ug% on day 1 without any complications, but who subsequently developed complications on day 2 ( fig. 2 ). Similarly, there were three group II patients with elevated FFA on the day of admission who did not develop complications until the following day ( fig. 3 ).
The value of admission levels of SGOT, CPK, and LDH, as indicators of the severity of the infarction are shown in figure 4. Although the highest levels of enzymes on admission occurred in the patients with complications, there were no statistically significant differences between the two groups. However, the peak enzyme levels were significantly higher in the complicated patients (P<0.05), although the peak value occurred after complications had already developed (tables 2 and 3).
For comparative purposes, a Peel index10 was calculated for each patient on admission ( fig. 5 ). The Peel score includes the following variables: age and sex, previous history, shock, failure, electrocardiogram, and rhythm. Expected mortality is 3% with a Peel score of 1-8, 12% for 9-12, 24% for 13-16, 54% for 17-20, and 88% in the range above 20. values of the laboratory are: cortisol < 20 p.g%, FFA < 900gEq/liter, and urinary catecholamines < 18 ygg. There were no significant differences in the levels of cortisol, FFA, and urinary catechols between the controls and the uncomplicated patients. However, there were statistically significant differences between the complicated patients and the other two groups (P< 0.02). group II patients ranged between 4 and 17 with an average of 12 and a mortality of 38% (five of 13 patients) (table 3) . The relationship between the Peel score and both mortality and complications is illustrated in figure 5 . Five of the eight patients with a Peel score greater than 13 died.
73,9
The potential value of admission levels of cortisol, FFA, or urinary catechols as indicators or predictors of complications of acute myocardial infarction is suggested in table 4. Cortisol There was only one patient of 17 group I patients who had a serum cortisol level above 20 ,ug% (26.5 ,utg%) but did not develop complications as defined. There was only one patient whose cortisol level was below 20 ,ug% 
RELATION OF SERUM CORTISOL TO HOSPITAL COURSE OF MI PATIENTS
Catecholamines
There were two of 16 group I patients who had urinary catecholamines above 13 ,ug% but did not develop complications (12% false positive), and three of 10 group II patients who had catecholamines below 13 ug% and yet developed complications (30% false negatives).
Discussion
There has been increased interest in the role of serum cortisol, urinary and plasma catecholamines, and plasma free fatty acids in acute myocardial infarction. Their interrelationships are shown diagrammatically in figure  6 . The elevations of cortisol and catecholamines are part of the stress reaction associated with the infarction and its complications, the source of both being the adrenal glands. The FFA are increased by both cortisol and the catecholamines, and the elevated FFA may be deposited as triglycerides in the heart or may be utilized for intracellular respiration via the citric acid cycle. Additional studies of hormonal responsiveness have shown that the anterior pituitary-adrenocortical response to insulin-induced hypoglycemia is normal in myocardial infarction," although the diurnal 
Figure 4
Admission levels of SGOT, CPK, and LDH in the uncomplicated and complicated groups. The dashed lines represent the upper limits of the normal values for the laboratory. No significant differences were noted. rhythm is lost.29 Insulin secretion is suppressed in patients with infarction, hypotension, and shock, but is apparently normal in uncomplicated infarction. 25 The results of the present study further suggest the potential value of such measurements (cortisol, FFA, and catecholamines) as indicators and/or predictors of the severity of the infarction and its complications.
Cortisol
All 15 control patients and 16 of 17 patients with uncomplicated infarction had cortisol levels below 20 ,g%. By contrast, 11 of 12 patients with complications of left ventricular failure, arrhythmias, shock, or death had cortisol levels of 2O,gg% or above. Furthermore, three of the five patients who died had the highest cortisol levels (58, 49, and 43 gg%), confirming the observations of Klein that levels above 40 ,ug% are associated with a high mortality.17 Of great interest were four patients who had elevated cortisol levels on day 1 without complications but who subsequently developed complications within 24 hours. Previous studies of cortisol levels have demonstrated that they return to the normal range within 48 hours after admission in patients with uncomplicated infarction, but continue to be elevated in patients with complications until the last determination before death.'6 The highest levels were obtained in the first 24 hours, and nobody died with a normal cortisol level.'6 The poor correlation in the present study between serum cortisol levels and enzyme levels or the Peel index is also confirmatory of previous studies.15 16 Free Fatty Acids All controls and patients without complications had FFA below 1100 ,uEq/liter. Six of nine patients with complications had FFA above 1100 ,uEq/liter, of whom three died.
RELATION OF PEEL INDEX
TO MORTALITY Admission Peel scores in the survivors ana nonsurvivors. The clear circles represent the uncomplicated patients, while the black circles represent those who developed complications. The Peel score of the nonsurvivors was statistically different from the survivors (P < 0.02).
Three patients with elevated FFA on admission but no complications' subsequently developed complications within the next 24 hours. The level of FFA may not only reflect the increased levels of catecholamines and adrenal corticosteroids but may also adversely affect Circulation, Volume XLV, April 1972 the clinical course.13 Recent studies have demonstrated that FFA depress hypoxic myo-cardium30 and may also be associated with serious clinical arrhythmias, although they may not be responsible for them. '4' 31 No firm relationship between FFA and blood glucose or triglycerides has been found,'3 although intravenous glucose has been suggested as a therapeutic approach to decrease utilization of FFA.
Catecholamines
The levels of urinary catecholamines measured in the present study may not necessarily reflect the level of serum catecholamines. In a previous study, for example, patients with uncomplicated infarction had higher urinary catecholamines than the patients with complications, since the latter group had a decreased renal flow. 19' 20 In the present study, three patients with complications had low urinary catecholamines. One had reduced urine flow, while in the others urine flow was not measured. Usually, urinary catecholamines (primarily norepinephrine) are increased in the first 48-72 hours after infarction, and are generally higher in patients with complications. 22 Similar results have been found with plasma catecholamines. 23 The sources for these catecholamines include the adrenal medulla and the stimulated sympathetic nerve endings. For example, experimental studies in dogs22 have shown that infarcted myocardium loses its catecholamine content within the first The interrelationship between cortisol, FFA, and catecholamines is diagrammatically shown. See text for discussion. Of the eight patients with a Peel score greater than 13, five died. Although the patients with complications of infarction had generally higher Peel scores, these were not well correlated with specific complications. Furthermore, several patients without complications had elevated scores. As was also reported in a previous study, there was no correlation between the Peel score and the level of serum cortisol. 15 Thus, the Peel index was not very helpful in separating out patients with complications of their infarction.
Conclusions
The present study suggests that the level of cortisol, FFA, and catecholamines reflects the overall stress imposed on an individual by acute myocardial infarction. In those patients with complications in whom all three measurements were available, all but one had elevations in at least two of the three parameters. In a few patients, such elevations preceded the development of complications by 24 hours. Although these measurements are somewhat nonspecific, they do provide additional information which is not available from standard hemodynamic measurements or prognostic indices such as the Peel score. Furthermore, the potential effects of FFA and catecholamines on heart rhythm and myocardial contractility provide further rationale for investigating the interrelationships of these metabolic parameters in acute myocardial infarction. 
